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PRAI US 2001-275903P P 20010314 

AB Methods for treating Parkinson's disease (PD) are provided. Recombinant 
adeno-assocd . virus (rAAV) virions are used to deliver genes encoding 
dopamine- synthesizing enzymes to the central nervous 
system of a primate. Once delivered, the genes are expressed, 
which then results in dopamine synthesis and amelioration in the clin. 
signs and symptoms of PD. The methods of the present invention can be 
used to deliver the three central dopamine synthesizing enzymes: tyrosine 
hydroxylase, arom. L-amino acid decarboxylase, and guanosine triphosphate 
cyclohydrolase I thereby enhancing dopamine biosynthesis and providing for 
enhanced therapeutic efficacy. 
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AB The invention relates to a method of delivering exogenous DNA to a target 
cell of the mammalian central nervous system 

using an adeno-assocd. virus (AAV) -derived vector. Also included in the 
invention are the AAV-derived vectors contg. exogenous DNA which encodes a 
protein or proteins which treat nervous system disease, and a method of 
treating such disease. The invention relates to a method of delivering 
exogenous DNA to a target cell of the mammalian central 
nervous system using an adeno-assocd. virus 

(AAV) -derived vector. Also included in the invention are the AAV-derived 
vectors contg. exogenous DNA which encodes a protein or proteins which 
prevent or treat nervous system disease, and a method of preventing or 
treating such disease. 
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TI Gene transfer to the nervous system using Equine Infectious Anaemia Virus 

based lentiviral vectors. 
AU Azzouz, M. (1); Martin-Rendon, E. (1); Rohll, J. B. (1); Ellard, F. M. 

(1); Olsen, A. (1); Carter, E. E. (1); Mitrophanous , K. A. (1); Kingsman, 

S. M. (1); Mazarakis, N. D. (1) 
CS (1) Neurobiology, Oxford Biomedica, Oxford, 0X4 4GA UK 
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DT Conference 
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AB The potential of a non-primate lentiviral vector based on Equine 

Infectious Anaemia Virus (EIAV) to transfer the reporter gene LacZ into 
the central nervous system {CNS} 

was investigated. We have compared the transduction efficiency of EIAV 
vectors pseudotyped with either vesicular stomatitis virus glycoprotein 
(VSV-G) or rabies virus glycoprotein {rabies-G) . The rabies-G and VSV-G 
pseudotyped lentiviral vectors can infect approximately 33,000 and 30,000 
cells in the striatum, respectively after stereotaxic delivery of 2 mul of 
the viral solution. VSV-G vectors infect mainly neurons. Rabies-G 
pseudotyped vectors transduce both neurons and glia but in contrast to 
VSV-G pseudotyped vectors can be retrogradely transported to neuronal cell 
bodies that are anatomically linked to the site of injection. The present 
study demonstrates long-term expression of the reporter gene LacZ in the 
CNS (up to 8 months) . We have also adopted a dopamine replacement 
strategy in animal model of Parkinson's disease. We 

have therefore generated EIAV tricistronic vector that are able to express 
the three enzymes involved in dopamine production: tyrosine hydroxylase, 
aromatic amino acid dopa decarboxylase 

and GTP cyclohydrolase 1. Stereotaxic injection of this vector in the 
striatum of the 6-OHDA animal model results in gene expression in vivo. 
This vector system may thus constitute an excellent tool to evaluate 
potential therapies in animal models of neurodegenerative diseases. 
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TI Gene therapy for Parkinson's disease: determining the genes necessary for 

optimal dopamine replacement in rat models. 
AU Kang U J; Lee w Y; Chang J W 

CS Department of Neurology, University of Chicago, USA. . u-kang@uchicago.edu 
NC NS32080 (NINDS) 

SO HUMAN CELL, (2001 Mar) 14 (1) 39-48. Ref : 54 
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AB This article reviews the mechanism of dopamine delivery in the CNS 

in order to determine the optimal set of genes for effective gene therapy 

in Parkinson's disease (PD) . Systematic 



neurobiological investigation of the biochemical steps has revealed that 
tyrosine hydroxylase (TH) , which has been used in earlier studies, 
functions only when the essential cof actor, tetrahydrobiopterin (BH1) is 
present. Transduction of the gene for GTP cyclohydrolase I, the first and 
rate-limiting step in BH1 synthesis, along with the TH gene, generated 
cells that are capable of producing L-DOPA spontaneously both in vitro and 
in vivo. When the aromatic L-amino acid 
decarboxylase ( AADC) gene was added as a third gene, in 
an attempt to increase the conversion of L-DOPA to dopamine, feedback 
inhibition by the end product, dopamine, on TH activity resulted. To 
circumvent this problem, we employed a complementary strategy. Gene 
transfer of the vesicular monoamine transporter was combined with 
AADC and produced genetically modified cells that can convert 
L-DOPA to dopamine and store it for gradual release. This approach 
provided a means to regulate final dopamine delivery by controlling 
precursor doses and to achieve more sustained delivery of dopamine. Our 
investigation into determining the genes necessary for optimal dopamine 
delivery has been facilitated by in vivo biochemical assays using 
microdialysis . This technique has provided us with a clear and 
quantitative tool to compare the effects of various genes involved in 
dopamine synthesis and processing. 
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TI Convection-enhanced delivery of AAV vector in parkinsonian monkeys; in 

vivo detection of gene expression and restoration of dopaminergic function 

using pro -drug approach. 
AU Bankiewicz K S; Eberling J L; Kohutnicka M; Jagust W; Pivirotto P; Bringas 

J; Cunningham J; Budinger T F; Harvey -White J 
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AB Using an approach that combines gene therapy with aromatic 1- 

amino acid decarboxylase (AADC) gene 

and a pro-drug (1-dopa) , dopamine, the neurotransmitter involved in 
Parkinson's disease, can be synthesized and regulated. 
Striatal neurons infected with the AADC gene by an 

adeno-associated viral vector can convert peripheral 1-dopa to dopamine 
and may therefore provide a buffer for unmetabolized 1-dopa. This approach 
to treating Parkinson's disease may reduce the need 

for 1-dopa/ carbidopa, thus providing a better clinical response with fewer 
side effects. In addition, the imbalance in dopamine production between 
the nigrostriatal and mesolimbic dopaminergic systems can be corrected by 
using AADC gene delivery to the striatum. We have also 

demonstrated that a fundamental obstacle in the gene therapy approach to 
the central nervous system, i.e., the 

ability to deliver viral vectors in sufficient quantities to the whole 
brain, can be overcome by using convection-enhanced delivery. Finally, 
this study demonstrates that positron emission tomography and the 
AADC tracer, 6- [ (18) F] f luoro-l-m-tyrosine , can be used to monitor 
gene therapy in vivo. Our therapeutic approach has the potential to 
restore dopamine production, even late in the disease process, at levels 
that can be maintained during continued nigrostriatal degeneration. 
Copyright 2000 Academic Press. 
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AB Neural stem cells (NSCs) of the CNS have recently aroused a great 

deal of interest not only because of their importance in basic neural 
development but also their therapeutic potential for neurological 
diseases such as Parkinson disease and stroke. 

During the CNS development, specification of midbrain DA system 
is determined by two molecular cascades. In one pathway, FGF-8 , sonic 
hedgehog and transcription factor Nurrl specify DA neurotransmitter 
phenotype, and in the another, transcription factors Lmxlb and Ptx3 are 
important. In Nurrl knock-out mouse, TH positive cells fail to appear in 
substantia nigra, indicating that Nurrl is essential in specification of 
DA phenotype. In this study, we used immortalized human NSCs retrovirally 
transduced with Nurrl gene to probe the Nurrl -mediated mechanism to induce 
DA phenotype. While Nurrl overexpression alone did not generate DA 
phenotype in NSCs , application of retinoid and foskolin induced expression 
of TH and AADC mRNAs . In addition, co-cultures of Nurrl 
expressing NSCs with human astrocytes induced a marked increase of TH 
expression. In this co-culture system, addition of retinoids and foskolin 
dramatically increased expression of TH. These results indicate that the 
immortalized human NSCs with Nurrl gene have the clinical utility for cell 
replacement for patients suffering from Parkinson 
disease (supported by KOSEF) 
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AB Methods of delivering viral vectors, particularly recombinant 

adeno-assocd. virions, to the CNS are provided. Also provided 

are methods of treating Parkinson's Disease. 
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intracerebral gene transfer using continuous injection of a plasmid 
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CS Department of Neurological Surgery, Okayama University Medical School, 
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AB As an alternative to virus -mediated gene transfer, we previously 

demonstrated a simple, safe, and efficient transfer of foreign gene into 

the central nervous system using continuous 

injection of a plasmid DNA-cationic liposome complex. To explore whether 

this approach can be applied to the treatment of certain neurological 

disorders, we used an experimental model of Parkinson's 

disease (PD) in the present study. Following continuous injection 

for 7 days, tyrosine hydroxylase (TH) and aromatic L- 

amino acid decarboxylase (AADC) 

genes carried by a bovine papilloma virus -based plasmid vector were 
efficiently introduced into glial cells in the striatum of 
6-hydroxydopamine-lesioned rats. Significant recovery in 
apomorphine- induced rotational behavior of PD models was obtained by 
transfection of TH gene and this effect continued for up to 5 weeks after 
injection. Moreover, cotransf ection of TH with AADC genes was 
readily accomplished by this procedure and resulted in a greater and 
longer- lasting improvement of apomorphine -induced rotational behavior than 
was achieved by transfection of TH gene alone. We suggest that this 
approach is a controllable and manageable alternative to other methods of 
gene therapy for the treatment of PD. 
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AB As an aid in the development of vector systems for use in gene therapy- 
paradigms of central nervous system 
disorders such as Parkinson's disease, we have 

developed L-Dopa or dopamine -producing gene cassettes. Specifically, a 
human tyrosine hydroxylase cDNA (HTH-2) was rendered constitutively active 
by truncation of the N-terminal regulatory domain (tHTH) . In addition, a 
bicistronic construct capable of directing the production of dopamine was 
created by inserting an internal ribosome entry site downstream of tHTH 
followed by the coding sequences of aromatic amino 
acid decarboxylase. All three constructs generated 

immunoreactive peptides of the predicted size, were enzymatically active, 
and produced L-Dopa (HTH-2 , tHTH) or dopamine (bicistronic construct) 
following transient transfection of COS-7 cells. These constructs, in 
conjunction with viral or nonviral expression systems, may be efficacious 
in gene therapy approaches to Parkinson's disease. 
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AB Recent experimental reports concerning L-dihydroxyphenylalanine (L-DOPA) 

and aromatic L-amino acid 

decarboxylase (AADC, L-DOPA decarboxylase) are reviewed 

in this article. Both in vitro and in vivo data now suggest that L-DOPA is 
an endogenous neuroactive compound that is released from neurons and acts 
as a neurotransmitter or neuromodulator in the brain. Administration of 
exogenous L-DOPA affects dopamine receptor status, AADC 
activity, and mitochondrial oxidation in experimental animals. The type 
and severity of these effects depend on the duration of the treatment. 
These findings may partly explain the limited efficacy of L-DOPA therapy 
in Parkinson's disease (PD) . AADC also plays 
a controlling role in the central nervous 

system, being a regulatory enzyme in the synthesis of a putative 
neuromodulator 2 -phenylethylamine and other trace amines. Recent 
experimental findings on AADC activity and localisation are of 
importance because they suggest that striatal [18F]DOPA uptake used as an 
indicator of PD progression in positron emission tomography (PET) studies 
is likely to overestimate nigrostriatal integrity in advanced PD. Possible 
new PET tracers of presynaptic dopaminergic function are discussed in this 
context . 
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AB Since the 1960s, L-3 , 4 -dihydroxyphenylalanine (L-dopa), a precursor of 

dopamine, has been thought to occur in the cytoplasm of catecholaminergic 

neurones. L-Dopa is traditionally believed to be an inert amino acid that 

exerts actions and effectiveness in Parkinson's disease 

via its conversion to dopamine by L-aromatic amino 

acid decarboxylase. In contrast to this generally 

accepted idea, Yoshimi Misu and Yoshio Goshima propose, in this Viewpoint 
article, that L-dopa itself is an endogenous neurotransmitter or 
neuromodulator in the CNS. This hypothesis is mainly based on 
the findings that L-dopa is released in a transmitter- like manner and that 
exogenously applied levodopa produces some responses. 
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AB N-methyl -4 -phenyl -1, 2, 3, 6 -tetrahydropyridine (MPTP) has been reported to 

cause chronic Parkinsonism in humans, primates, and long lasting striatal 



dopamine depletion in mice. Acute animal models thus produced closely 
resemble Parkinson's disease. There are, however, two 

major differences. The one is a lack of Lewy bodies and the other is that 
norepinephrine system is relatively well preserved in the model. So the 
acute animal model is better considered a nigrostriatal dopamine 
deficiency model. We have produced another model by adding 
N-2-chloroethyl-N-ethyl-2-bromobenzyl-amine {DSP4 ) to MPTP. This material 
is known to produce selective destruction of norepinephrine terminal in 
the central nervous system as well as in the 

periphery. Both norepinephrine system and dopamine system are severely 
depressed in this model, and the functional role of norepinephrine system 
was investigated by comparing two models. 90 male C57 black mice weighing 
20-25 grams were used. MPTP (Aldrich) was dissolved in sterile distilled 
water with 5% ethanol solution. Experimental animals were divided into 
three groups, i) control group; in this group animals received vehicles 
alone, ii) MPTP group; in this group, mice received daily i.p. doses of 
MPTP 30 mg/kg for consecutive 10 days, thus total doses of MPTP was 30 0 
mg/kg. iii) MPTP & DSP4 group; in this group animals received daily i.p. 
doses of MPTP 3 0 mg/kg for consecutive 10 days and at the last day of MPTP 
injection they received DSP4 50 mg/kg i.p.. 7 to 14 days after the last 
injection of MPTP both treated and control mice received an 
intraperitoneal injection of L-DOPA (200 mg/kg & aromatic L- 
amino acid decarboxylase mg/kg) and the effect 

of this drug on three groups were investigated by using behavioral, 
biochemical and histof luorescence method. Histof luorescence studies by 
GA-FAS method revealed severe reduction of nigrostriatal dopamine in MPTP 
treated mice. Mesolimbic and mesocortical dopamine systems seemed 
relatively preserved. There was no apparent changes in locus coeruleus 
norepinephrine system. In MPTP & DSP4 treated mice marked reduction of 
norepinephrine terminal fluorescence as well as nigrostriatal dopamine 
system was observed. Chemical analysis of norepinephrine and dopamine by 
HPLC confirmed histof luorescence studies. Behavioral studies were analyzed 
by Automex locomotor activity meter. Marked increase of locomotor activity 
was observed in MPTP treated mice after L-DOPA administration. (ABSTRACT 
TRUNCATED AT 400 WORDS) 
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AB One current approach to the investigation of the neuro- and psychotropic 
effects of enhancing serotoninergic neurotransmission in the 
central nervous system of man is 

administration of L-5 -hydroxy tryptophan (5-HTP) . Single oral doses of 
(5-HTP) were administered in combination with L-aromatic amino acid 
decarboxylase inhibitors . The time courses of plasma concentrations of 
5-HTP, 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) 
and the concentrations of 5-HT in blood platelets were 'measured . Carbidopa 
enhanced the rise in plasma concentrations of 5-HTP 5- to 15 -fold and 
counteracted the increase in plasma 5-HIAA levels induced by 5-HTP alone. 
A single dose of the decarboxylase inhibitor was equipotent to 14 days' 
pretreatment . Plasma or platelet concentrations of 5-HT failed to reflect 
the metabolism of 5-HTP. The ratio of 5-HTP to carbidopa influenced the 
systemic bioavailability of single dose administered 5-HTP, indicating 
dose dependent absorption kinetics. Co -administration of L-dopa with 5-HTP 
and decarboxylase inhibitors had no effect on gastrointestinal absorption 
of 5-HTP in 6 parkinsonian patients. 



